In this study accumulation of some heavy metals Cadmium (Cd), Chromium (Cr), Cobalt (Co), Nickel (Ni) and Lead (Pb) in the operculum, gills, heart, kidney, muscle and vertebrae were determined in some fishes (Hydrocynus forskahlii, Hyperopisus bebe occidentalis and Clarias gariepinus) collected from fishermen around Ogun estuary. The accumulation of the metals in different organs showed significant differences (P<0.05) except lead accumulation. However, the bioaccumulation of the heavy metals was species-related as the accumulations of the heavy metals analysed in the sampled fishes were of the following trend: H. forskahlii > H. bebe occidentalis > C. gariepinus and the pattern of distribution was Ni > Cr > Co > Cd > Pb for all the fish species. The levels of Ni and Cr in this study were higher than the maximum permissible limits (FAO, UNEP, FEPA and WHO) for human consumption and that of Cd, Pb and Co were still lower. Safe disposals of domestic sewage and industrial effluents as well as enforcement of laws enacted to protect our environment are therefore advocated.
Introduction
Fish accumulate toxic chemicals such as heavy metals directly from water and diet, and contaminant residues may ultimately reach concentrations hundreds or thousands of times above those measured in the water, sediment and food (Goodwin et al., 2003; Labonne et al., 2001; Osman et al., 2007) . Heavy metals are normal constituents of marine environment that occur as a result of pollution, principally due to the discharge of untreated wastes into rivers by many industries. Bioaccumulation of heavy metals in tissues of marine organisms has been identified as an indirect measure of the abundance and availability of metals in the marine environment (Kucuksegin et al., 2006) . For this reason, monitoring fish tissue contamination serves an important function as an early warning indicator of sediment contamination or related water quality problems (Mansour & Sidky, 2002; Barak & Mason, 1990 ) and enables us to take appropriate action to protect public health and the environment. Multiple factors including season, physical and chemical properties of water can play a significant role in metal accumulation in different fish tissues (Hayat et al., 2007; Romeo et al., 1999) . Several studies (Ademoroti, 1996; Cusimano et al., 1986; Heath, 1987; Allen, 1995; Karthikeyan et al., 2007) have also indicated that fish are able to accumulate and retain heavy metals from their environment depending upon exposure concentration and duration as well as salinity, temperature, hardness and metabolism of the animals. Adeyeye et al. (1996) also showed that the concentration of metals was a function of fish species as it accumulates more in some fish species than others.
Fish have been the most popular choice as test organisms because they are presumably the best-understood organisms in the aquatic environment (Buikema et al., 1982) and also due to their importance to man as a protein source (Kime et al., 1996) . Therefore, this research was to determine the levels of contamination and the bioaccumulation of Cd, Ni, Cr, Co and Pb on some fish species that are of commercial importance (H. forskahlii, H. bebe occidentalis and C. gariepinus) in Ogun estuary.
Materials and Methods

Description of Site
The fish were collected from commercial fishermen in downstream Ogun estuary situated in Iwopin, Ogun Waterside Local Government. Its geographical coordinates are 6° 31' 0" North, 4° 10' 0" East on the map of Ogun waterside LGA, Ogun State, Nigeria. It receives a number of important rivers draining their waters into it and it borders the forest belt, Omo biospere (Idowu & Ayoola, 2008) . This estuary is an extension of Lekki lagoon which receives water from Ogun River at coordinates 3º25"E and 6º35"N (Adebisi et al., 1981) , and it is the only area in Ogun State with a coastline on the Bright of Benin (Olaoye et al., 2012) .
Sample Collection
Nine adult fish samples, three each of H. forskahlii (mean weight: 314.2 ± 2.74g and mean length: 33.0 ± 1.15cm), H. bebe occidentalis (mean weight: 463.8 ± 3.76g and mean length: 36.7 ± 0.88cm) and C. gariepinus (mean weight: 805.0 ± 47.68g and mean length: 39.3 ± 1.45cm) were procured from fishermen around the Iwopin, Ogun estuary. These fish species were put in sterile polythene bags and taken in icebox to the laboratory where they were washed with running tap water to remove dirt. Fish samples were identified taxonomically using standard reference sources (www.fishbase.org). All the fish samples were then separately stored inside the deep freezer at about -10 0 C and were allowed to thaw; Scales were removed and washed with running water before dissected with sterile scissors to remove gills, operculum, vertebrae, heart, muscles and kidney. These were transferred into sterile sample bottles, labelled and kept for digestion and analysis of heavy metals.
Sample Preparations
Prior to digestion samples were separately dried in a laboratory oven at 65 0 C for three days to obtain a constant dry weight of 0.5g from each sample. The dried samples were each ground to powder, using laboratory ceramic mortar and pestle, and sieved with 2mm sieve.
Digestion of Sample
The powdered samples were digested using the procedure described by Novozamsky et al. (1983) as follows: 0.200g of dry, powdered fish sample was weighed into a 50ml digestion tube and 2.5ml of Selenium/Sulfuric Acid mixture was added to each tube and to 5 blanks, used for standards. This was placed in an aluminium block on a hotplate, heat at approximately 200 0 C until the sample fumes.
The tubes were then removed from the hotplates and allowed to cool for 10 minutes. 1ml of 30% H 2 O 2 was carefully added to the samples and standards. After the reaction subsided it was followed with additional 2 ml H 2 O 2 .
Tubes were replaced on hotplates and a heavy 15 ml glass vial was placed on top of each tube, and the tubes were heated up to 330 0 C. This was left on the hot plates until the solutions were clear (usually 2 hours).
These samples were allowed to cool and 0 ml, 0.2 ml, 0.4 ml, 0.6 ml and 0.8 ml of stock solutions for each of the heavy metals to be analysed were added to the 5 standard solutions. The samples and standards were then diluted to the 50 ml mark.
Determination of Heavy Metals
Samples were then poured into auto-analyser cups and concentration of heavy metals (cadmium, cobalt, chromium, nickel and lead) in each was determined using Atomic Absorption Spectrophotometer (AAS). The values of the heavy metal concentrations in the tissues were calculated based on dry weights as this discounted the variability due to inner parts differences in the moisture content of organisms.
and further illustrated in Figures 1-3. Means with the same letters within a column (bearing the same organ) are not significantly different at p < 0.05
Data on heavy metal concentration in the operculum, gill, heart, Kidney, vertebrae and muscle of H. forskahlii, H. bebe occidentalis, and C. gariepinus showed that heavy metals were accumulated in the different organs as The distribution of heavy metals in the various organs of the fishes sampled in the Ogun estuary is presented in Table 1 and further illustrated in Figures 1-3 . The concentration of cadmium varied; in H. forskahlii from 0.00ppm in kidney to 0.45ppm in the vertebrae, in H. bebe occidentalis from 0.00ppm in the kidney to 0.32ppm in the operculum and in C. gariepinus from 0.00ppm in the muscle to 0.41ppm in the kidney. According to Gosselin et al. (1984) , cadmium accumulates in liver and kidney, and more in the kidney than liver (McCracken, 1987; Venugopal & Luckey, 1978) . The cadmium concentration reported in the kidney and heart of C. gariepinus is in agreement with the studies by Ashraf (2005) who reported a concentration of 0.41ppm in the kidney of Epinephelus microdon fish from Arabian Gulf and Farombi et al. (2007) who reported a concentration of 0.69ppm in the kidney and 0.25ppm in the heart of C. gariepinus from Ogun River. Several studies have reported higher levels of Cd in different fish samples from some Nigerian rivers. These include Odoemelan (2005) The concentration of nickel varied; in the H. forskahlii from 0.00ppm in the vertebrae to 6.33ppm in the kidney, in the H. bebe occidentalis from 0.00ppm in the muscle to 5.00ppm in the gills and in the C. gariepinus from 1.30ppm in the gills to 3.43ppm in the kidney. This is in agreement with the findings of Idodo-Umeh (2002) who reported 1.64 -3.58ppm from fishes from Olomoro water bodies. However, lower level (0.24 and 0.36ppm in Mormyops deliciosus and Mormyrus macrophthalmus) has been reported by Oronsaye et al. (2010) from Ikpoba river dam. The result from the present study (0.00 -6.33ppm) was higher compared with the maximum recommended limits of 0.5 -0.6ppm (WHO, 1985; FEPA, 2003) in fish food.
The concentration of chromium varied; in H. forskahlii from 0.37ppm in the operculum to 5.64ppm in the kidney, in H. bebe occidentalis from 0.68ppm in the heart to 4.95ppm in the kidney and in C. gariepinus from 1.36ppm in the muscle to 2.67ppm in the operculum. Chromium level of 0.40 -5.61ppm was reported from an investigation on Parachanna obscura from Ogba River in Benin City by Obasohan (2007) (Ishaq et al., 2011) . The levels of Cr (0.37 -5.64ppm) recorded in fish samples were higher than the maximum recommended limits of 0.15 -1.0ppm (WHO, 1985; FEPA, 2003; FAO, (1983) in fish food.
The concentration of cobalt varied; in H. forskahlii from 0.00ppm in the heart to 1.17ppm in the kidney, in H. bebe occidentalis from 0.00ppm in the kidney to 2.32ppm in the heart, and in C. gariepinus from 0.00ppm in the muscle to 1.16ppm in the vertebrae. However, the level reported in this study was in agreement with the findings of Eralagere and Bhadravathi (2008) where 0.039 -1.44ppm were reported in Oreochromis mossambicus from Jannapura Lake in India. The distribution of cobalt in H. forskahlii showed that the kidney has about 36% ( Figure 1 ) which suggests that the route of exposure of the fish to cobalt could be through water (Coughtrey & Thorne, 1983) . This is different with other fish species suggesting that the route of uptake of the metal could be through food. Furthermore, the result showed that the bottom feeding fish (H. bebe occidentalis) has higher level of cobalt accumulation. This can be as a result of the higher exposure of bottom feeding fish due to the high cobalamine concentration in the sediments and feeding habits. Surface water fish in the study (H. forskahlii & C. gariepinus) have higher level of Cd compared to the demersal fish species. This could be attributed to the fact that the bottom sediment concentration of cadmium is less available because of continuous release of electrons to the environment through microorganism respiration processes (Kersten & Forstner, 1987) , thus making the exposure to be higher for the pelagic species.
The concentration of lead varied; in H. forskahlii from 0.02ppm in the vertebrae to 0.25ppm in the gills, in H. bebe occidentalis from 0.01ppm in the muscle and vertebrae to 0.04ppm in the operculum and in C. gariepinus from 0.01ppm in the gills and heart to 0.10ppm in the operculum. This result was lower compared to the findings 0.395 -0.62ppm of Doherty et al. (2010) and 9ppm (WHO, 1985; FEPA, 2003; FAO, 1983) in fish food.
The accumulation of the metals (Cd, Ni, Cr, Co and Pb) was higher in the gills than muscle of H. forskahlii and H. bebe occidentalis. This is in line with the previous studies of Nwani et al. (2010) and Edem et al. (2009) . This accumulation was, however, significantly higher (P<0.05) only in H. bebe occidentalis. Gill tissues play an important role in interface with the environment in performing its functions in gas exchange, ion regulation, acid balance and waste excretion while muscle, on the other hand, is not an active tissue in bioaccumulation (Bajc et al., 2005; Filazi et al., 2003; Shukla et al., 2007) .
It was noted from this study that accumulation of all the metals sampled in the kidney of H. forskahlii was not significantly higher (P>0.05) than that of H. bebe occidentalis and C. gariepinus. Also accumulation of these www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 11; metals in the kidney of H. forskahlii was significantly higher (P<0.05) than muscle and vertebrae but not significantly higher in other organs. The kidney of H. bebe occidentalis had the highest accumulation of total metals.The concentrations were significantly higher (P<0.05) than those in operculum, muscle or vertebrae though not significantly higher than the accumulations in the gills and heart. C. gariepinus had the highest accumulation of the total metals in kidney followed by operculum, gills, heart, muscle and vertebrae but the difference was not significant (P>0.05). In addition, kidney played a major role in the accumulation of the heavy metals by H. forskahlii and C. gariepinus.
In the present study, it was observed that the total concentration of nickel in all the organs studied was significantly higher when compared with that of cadmium (P < 0.05) but not significantly higher than that of chromium. Chromium was significantly higher than cobalt, and cobalt was significantly higher than lead in total heavy metals accumulation in all the fish species sampled under this investigation. It can be deduced from the above that accumulation of the heavy metals is more of species-related. In addition to this, it was noted that there was no relationship between the accumulation patterns of different metals in the different fishes. Thus, the differences noticed in the levels of accumulation in different organs of a fish can be attributed to the differences in their physiological roles toward maintaining homeostasis, feeding habits, regulatory ability and behaviour of each fish. This is in accordance with the findings of Cross et al. (1973) . However, majorly muscle had the least concentration of the heavy metals compared with gills in the fish species sampled. This is in agreement with previous study by Ishaq et al. (2011) which showed that muscle is not an active organ in the accumulation of heavy metals. Gills, on the other hand, has been reported as metabolically active site and can accumulate heavy metals in higher level. This is evidenced by the position that the gills occupied in the accumulation pattern for the heavy metals. The presence of metal binding protein, metalotheonin, has favoured the accumulation of heavy metals in the kidney as it was shown to have the higher level of some of the heavy metals analysed in this investigation in the fish species. Low concentration of cadmium has been reported in previous studies (Olaifa et al., 2004) , as observed in H. bebe occidentalis and H. forskahlii, and this has been suggested to be due to low tendency of cadmium towards the available active sites (N and/or O donor atoms) in kidney tissues (Kappus, 1987) .
In general, accumulation of the heavy metals (total mean) analysed in the sampled fishes was of the following trend: H. forskahlii > H. bebe occidentalis > C. gariepinus and the pattern of distribution was Ni > Cr > Co > Cd > Pb for all the fish species. This showed that the accumulation of the heavy metals was species-related as H. forskahlii is predatory and carnivorous which might have favoured its higher tendency for metal bioaccumulation than others. Also, C. gariepinus is a generally omnivorous, had the least metals accumulation regardless of its habitat. Therefore, metal accumulation could be related to fish feeding habits. This confirms the report of Wiener and Giesy (1979) as well as Cross et al. (1973) .
Several endemic fish species have become threatened (Nwani et al., 2010) leading to the depletion of our fish resources and substantial reduction in their nutritive values (Srivastava and Srivastava, 2008) . Chemical analysis of fish, therefore, ensures dietary safety of the fish from a particular body of water (NOAA, 1988; Raoux et al., 1999) . Also in a study (Jaji et. al., 2007) on the quality of Ogun River, lead and cadmium concentrations were found to be above the WHO limit.
Conclusion
In view of the importance of fish to diet of man, it is necessary that biological monitoring of the water and fish meant for consumption should be done regularly to ensure continuous safety of the seafood. Safe disposal of domestic sewage and industrial effluents should be practiced and where possible, recycled to avoid these metals and other contaminants from going into the environment. Laws enacted to protect our environment should be enforced. The activities at the upper-course of the Ogun estuary should be kept under strict surveillance as they are capable of increasing the heavy metals discharge into the river, especially as population is bound to increase. The values reported in this study could serve as baseline data to monitor future anthropogenic activities along the coast, now that a Liquefied Natural Gas Terminal and oil refineries are to be located in the area. The study showed a need for continuous pollution assessment study of aquatic organisms in Nigeria. 
